INTRODUCTION
Dengue fever and the potentially lethal shock and/or hemorrhage associated with it are rapidly increasing public health problems in over 100 countries, particularly in Southeast Asia, North and South America, and the western Pacific Islands. It is estimated that 50 × 10 6 dengue virus infections, including 50 × 10 4 cases of dengue fever with shock and/or hemorrhage, occur annually. As yet, no effective vaccine is available for dengue. To date, reduction in the population density of the vector mosquitoes, predominantly Aedes aegypti , has been the only option for controlling dengue virus transmission in the human population. 1 In recent dengue-control programs, pupal/demographic surveys have been introduced as an initial step to identify epidemiologically important types of containers that should be targeted for dengue control. 2 The epidemiologic importance of containers is determined on the basis of the number of pupae per container type in a pilot area(s) and on the basis of the theoretic transmission threshold that is estimated as a function of the average temperature, virus-introduction rate, and immunity of the target human population. 3 Pupal/demographic surveys may ensure the development of a dengue-control strategy that focuses on container types in which the maximum number of pupae is found. 4 However, this methodology does not include housing characteristics and degree of urbanization-factors that may increase the likelihood of infestation of premises by preadult forms of Ae . aegypti . Urbanization may be an important factor for the infestation of preadult forms of Ae . aegypti in an area/region, 5, 6 and the infestation of premises in the same area/region may vary according to the housing characteristics. In congested premises in urban areas, most water-holding containers are located indoors, and a greater number of occupants are usually associated with the presence of a larger number of waterstorage containers, owing to the high water consumption. Installation of a tap-water supply system in the premises influ-ences the water-storage practices of the residents. Storage of rainwater that is more suitable for the breeding of Ae . aegypti , 7 may increase the chances of infestation of the premises by preadult forms of the mosquito. In addition, the difference between high-and low-rise buildings 8, 9 ; construction pattern of houses 10 ; and the condition of the premises such as degree of shade, house, and yard conditions 11 may also influence infestation. Therefore, some premises may have specific environments that increase the risk of frequent infestations by preadult forms of Ae . aegypti . The residents of these premises and their neighbors are probably more frequently exposed to Ae . aegypti bites, and hence, are at a higher risk of dengue infection than other people. Peridomestic environmental factors related to repeated infestation by Ae . aegypti could be used to develop effective strategies for targeting specific premises in dengue-control programs.
The purpose of this study, therefore, was to determine peridomestic variables in urban areas that influence the repeated infestation of premises with Ae . aegypti . We conducted repeated house-to-house visits to inspect water-holding containers and to observe the peridomestic environment in urban premises in Nha Trang City, Vietnam.
MATERIALS AND METHODS
Nha Trang City is located in the coastal area of central Vietnam. Although the city includes 8 peri-urban communes surrounded by rice fields, most residents in the city live in 19 urban communes. We studied 2 neighborhoods in the urban communes to adjust for the effect of areas on the relationship between mosquito infestation and peridomestic environment. We selected the Bach Dang neighborhood (BD area) in Phuoc Tien commune in the central part of the city, and the eighth neighborhood (VP area) in Vinh Phuoc commune in the north of the city. These neighborhoods are situated approximately 3 km away from each other. In both the study areas, the premises inspected were adjacent to each other and densely populated by local residents. Most of the residents in these 2 areas were private shop owners, office/factory workers, and public officers. According to the health authorities, in 2005 the highest level of dengue cases in the city was reported from the 2 communes that included our study areas (3.3 and 4.1 cases per 1,000 persons in the Phuoc Tien and Vinh Phuoc Abstract. To determine the effect of peridomestic environments on Aedes aegypti infestation in urban premises, we conducted two consecutive surveys in the hot-dry and cool-wet seasons. Most Ae . aegypti pupae (79%) were recovered from premises where preadult forms (larvae and/or pupae) had been detected in both surveys. Hence, repeated infestation appears to be a useful parameter to identify premises associated with a high potential risk of dengue transmission. Multivariate analysis revealed that not only the persistent presence of containers discarded outdoors, wells, large plastic buckets, jars, and concrete toilet basins in the premises (adjusted odds ratios [aORs] = 63.3, 23.3, 22.5, 6.6, and 5.6, respectively) but also the presence of six or more residents was significantly associated with repeated infestation (aOR = 6.1). Premises with six or more residents along with specific container types from which a large number of pupae were recovered should be targeted in dengue-control programs.
communes, respectively). The city has a hot-dry season from May to October and a cool-wet season from November to April. The first survey was conducted in the hot-dry season (July 30, 2006- August 5, 2006) , and the second survey was conducted in the cool-wet season (December 25, 2006-January 2, 2007). All premises in the study areas were visited during both the survey periods.
Water-holding container survey. A water-holding container survey was conducted to record the presence of water-holding containers, the presence of preadult (larvae and/or pupae) Ae . aegypti in these containers, and the number of pupae. House-to-house visits were conducted by 2 teams of 3 or 4 inspectors (2 or 3 entomologists and 1 local community leader), generally between 8:00 am and 6:00 pm . Locked premises were not inspected and revisited at least 2 times within 1 week after the first visit. All water-holding containers located both outdoors and indoors, including those on the top floor and in the balcony, were inspected after obtaining permission from the occupants of the premises. The container categories were based on the data obtained in former denguemosquito surveys conducted in Vietnam. 12, 13 Wet containers were categorized as flower vases, small or medium plastic buckets (≤ 99 L), large plastic buckets (≥ 100 L), wells, jars, ant traps, plant saucers, concrete toilet basins (built-in concrete basins containing water for flushing excreta and for cleaning toilet floors by using small buckets or dippers; these basins are located in the toilet hut or bathroom), metal drums, concrete basins (built-in containers that hold water for drinking or cleaning dishes/clothes, generally located in the kitchen), tires (discarded tires), and containers discarded outdoors (all types of artificial containers discarded around the premises). Ceramic water tanks with levers and lids were present in toilets; however, since the water in these tanks is replenished each time the toilet is used, we did not inspect them. Small water containers with volumes of less than 5 L were upturned into a white plastic tray containing clean water to detect and collect immature mosquitoes. We used a mesh net to collect preadult mosquitoes from middle or large containers, except wells. Because it was difficult to access wells and to directly collect pupae from the wells by using a net, funnel traps were used for collection instead (each funnel trap was left in the well for 16-18 hours overnight). The number of pupae in the wells was estimated on the basis of the number of pupae collected in standardized funnel traps, as described in a former study. 14 All of the collected larvae and pupae were kept in small plastic vials and transported to the laboratory. The number of pupae was determined, and the species was identified after the adult mosquitoes emerged. Although we did not count the number of larvae, the larval species were identified. All larvae and pupae in large water-storage containers other than wells were removed. The water in the small containers was discarded after the inspection. No container was removed for survey purposes.
Peridomestic environmental survey. Presence of a container type was defined as the persistent presence of a type of water-holding container in the premises in both the first and second surveys. The characteristics of the peridomestic environment, other than the presence of water-holding containers, were either directly observed or determined by questioning the residents during the house-to-house visits in the second container survey. We inspected the following characteristics of the peridomestic environments for each of the premises: number of stories in the main building, number of members in the household, presence of tap-water supply pipes, and whether rainwater or river water was stored in the containers.
Statistical analysis. Premises with repeated infestation were defined as premises in which at least 1 container was found to hold preadult (larvae and/or pupae) Ae . aegypti in both the first and second surveys. The association between the characteristics of the peridomestic environment and the risk of repeated infestation was assessed by calculating the odds ratios (OR) and 95% confidence intervals (CIs). Logistic regression analysis was used to develop an explanatory model for the repeated infestation of the premises. In the multivariate analysis, we assumed that no interactions are present, and all the explanatory variables were included in the model. Diagnostic statistics pertaining to multicollinearity (varianceinflation factor) were used to evaluate collinearity between explanatory variables. We divided the premises without concrete toilet basins and jars (the most productive container types in the study) into those with and those without repeated infestation. Next, we noted the proportions of premises with ≥ 6 residents for each of the above mentioned groups. The difference in these proportions was analyzed using the χ 2 test, and a P value of 0.05 was considered statistically significant. The data were entered into EpiData version 3.1 (EpiData Association, Odense, Denmark) and analyzed using Stata version 10.0 (Stata Corp., College Station, TX).
RESULTS
Among 120 premises in the BD area and 124 premises in the VP area, 93 and 103 residential premises (except 5 offices and 2 supplemental private schools without residential spaces, 2 small temples, and 39 residential premises that did not participate in the survey), respectively, were inspected in both the first and second surveys. All the residential premises were single-family dwellings and no multi-family apartment dwellings were found in both low-and high-rise buildings. Most of the residential buildings that were surveyed were adjacent or connected to each other, and outdoor space was absent or limited. Although the height of the buildings varied, the ground areas were almost the same in all the premises. A total of 1,438 water-holding containers were observed in the 196 premises ( Table 1 ). The number and proportion of each container type was extremely consistent between the first and second surveys. Flower vases and small or medium sized plastic buckets were the most commonly found containers in the first (81.0% in the BD area and 69.1% in the VP area) and second surveys (82.3% in BD area and 70.9% in the VP area). Among all containers, these formed the majority that were positive for preadult (larvae and/or pupae) Ae . aegypti in the first (52.9% in the BD area and 31.6% in the VP area) and second surveys (38.6% in BD area and 33.8% in the VP area). However, in the first survey, these containers only accounted for 28.8% and 9.4% of the pupal production in the BD and VP areas, respectively. During the rainy season, this increased to 32.0% and 35.2%. Furthermore, although the other container types were sparse, a large number of Ae . aegypti pupae were recovered from them in each survey. Jars and concrete toilet basins, which accounted for only 9% of all containers found, were the most productive container types with regard to pupae: 36% of the 1,283 Ae . aegypti pupae collected during the surveys were recovered from these containers. The 21 Aedes albopictus pupae collected during the surveys were excluded from the analysis.
Among the 196 premises, 78 in the first survey and 77 in the second survey were infested with preadult (larvae and/or pupae) Ae . aegypti ; however, only 46 premises (23.5%) were infested in both the first and second surveys ( Table 2 ). The premises that had Ae . aegypti -positive containers in both surveys did not account for the majority of containers with pupae (32.8% and 30.3% in the first and second surveys, respectively); however, the majority of pupae were collected from premises with repeated infestation (87.9% and 73.2% in the first and second surveys, respectively). Table 3 shows the association between repeated infestation of the premises and each peridomestic variable. In the univariate analysis, the risk of repeated infestation in low-rise buildings was 4.5-fold that in high-rise buildings. The presence of 6 or more residents (OR = 3.6) and storage of rainwater inside the premises (OR = 4.5) also appeared to be important risk factors. The location of the premises and the total number of water-holding containers in the premises were not significantly related to the risk of repeated infestation of the premises. Only 3 premises lacked water-supply systems, and all 3 were infested repeatedly with preadult Ae . aegypti . Premises with persistent presence (presence in both the first and second surveys) of concrete toilet basins, wells, large plastic buckets, and jars had a 6.0 to ~15.7-fold higher risk of being infested in both surveys than premises that did not have these containers. However, in the multivariate analysis, after adjustment for other factors, only premises that had ≥ 6 residents (adjusted odds ratio [aOR] = 6.1 and CI, 1.41-26.19) and the persistent presence of specific types of containers (aOR for containers discarded outdoors, 63.3 and CI, 2.24-1785.56; aOR for wells, 23.3 and CI, 6.62-82.24; aOR for large plastic buckets, 22.5 and CI, 2.55-197.43; aOR for jars, 6.6 and CI, 1.17-36.87; aOR for concrete toilet basins, 5.6 and CI, 1.23-25.52) appeared to be significantly associated with the risk of repeated infestation. Collinearity was not detected (variance-inflation factors, 1.03-1.27), and no significant interaction was observed between the explanatory variables. The presence of concrete toilet basins and jars in the premises was significantly associated with repeated infestation of the premises, and the highest number of pupae was found in these 2 types of containers. However, these containers were not observed in 86% (168 in 196) of the premises in either of the 2 surveys. Among the premises without toilet basins and jars, the proportion of premises with ≥ 6 residents was significantly higher among premises with repeated infestation (48.3% or 14 of 29) than among premises without repeated infestation (20.9% or 29 of 139) ( P = 0.002 by χ 2 test).
DISCUSSION
Our results indicate that repeated infestation by preadult (larvae and/or pupae) Ae . aegypti in the surveys performed in 2 contrasting climatic conditions is a useful parameter to identify key premises. Collection of pupae is time sensitive, and the recovery of pupae from premises may depend on the timing of the survey in cross-sectional studies; in contrast, the presence of larvae and/or pupae in the premises is less influenced by the timing of the survey. Because temperature and rainfall are important factors influencing Ae . aegypti infestation, 15 we conducted the surveys under 2 contrasting climatic conditions in the city (hot-dry and cool-wet seasons). Therefore, premises that were found to be infested with preadult (larvae and/or pupae) Ae . aegypti in both surveys are likely to be infested even at times other than the survey periods. In both surveys, most of the Ae . aegypti pupae collected in this study were isolated from premises with repeated infestation. This confirms the results of previous studies on vector population: premises with repeated infestation by preadult forms are more important from the * BD = Bach Dang neighborhood in Phuoc Tien commune; VP = eighth neighborhood in Vinh Phuoc commune. † Premises with repeated infestation were defined as premises in which at least one container was found to hold preadult (larvae and/or pupae) Ae. aegypti in both the first and second surveys. ‡ Total number of water-holding containers observed in the first and the second surveys were considered as total number. § Presence of a container type was defined as the persistent presence of a type of water-holding container in the premises in both the first and second surveys. viewpoint of disease transmission than premises without repeated infestation. 16 Repeated infestation of premises was related to the presence of several types of containers, such as concrete toilet basins, wells, large plastic buckets, jars, and containers discarded outdoors. Besides the presence of specific types of containers, the only peridomestic variable that was associated with an increased risk of repeated infestation was the presence of a large number of residents in the premises. It remains unclear why this variable increases the risk of repeated infestation. We assumed that the presence of a greater number of residents in the premises is associated with increased water storage in a greater number of containers and therefore with increased risk of infestation by preadult forms. However, we found no association between the number of water-holding containers in the premises and repeated infestation of these premises. It is known that the egg-laying and blood-feeding behaviors of female mosquitoes are mediated through visual and olfactory cues. 17 Hence, one possible reason for the increased risk of repeated infestation of premises with many residents could be the fact that in these premises, adult Ae . aegypti can feed on a greater number of hosts, and thus, a larger number of gravid mosquitoes can complete oviposition in these premises than in premises with fewer residents. Univariate analysis revealed that the presence of low-rise buildings and storage of rainwater in the premises were risk factors for repeated infestation. However, their effects were confounded by the presence of specific types of containers, which was an important risk factor for repeated infestation of the premises. This implies that the presence of low-rise buildings and storage of rainwater in the premises were not independent determinants of repeated infestation of the premises, but were observed simultaneously with the presence of containers harboring preadult Ae . aegypti in the premises.
For dengue control in urban congested premises in which most containers are located indoors, health officials should carry out house-to-house visits to detect key containers. Our results suggested that targeting premises that have ≥ 6 residents along with key containers during house-to-house visits can effectively decrease dengue transmission. Household members who are responsible for domestic duties in premises with ≥ 6 residents should be provided instructions regarding preventive methods pertaining to not only key container types but also to all potential Ae . aegypti breeding sites in the premises.
In Vietnam, indoor water-holding containers are common in urban premises, and the majority of preadult Ae . aegypti develop in them. 12, 18 Although it may be appropriate to use the characteristics of the premises alone as the criterion for the identification of productive premises in some countries, like Australia, where indoor breeding containers are not common, 11 such a strategy is not useful for identifying premises with high Ae . aegypti infestation in congested urban areas in Vietnam and other countries with similar conditions. The importance of peridomestic environments in the infestation of premises with preadult Ae . aegypti should be evaluated on the basis of the housing conditions and the presence of each type of water-holding container in the premises; hence, we considered both these factors for the analysis. Installation of the tap system in the premises probably changes the residents' wateruse habits and hence has a strong impact on repeated infesta-tion of Ae . aegypti . However, because almost all premises in our study area had a tap-water supply system, we could not measure the influence of this parameter.
The results of this study show that repeated infestation of urban premises with preadult Ae . aegypti is related not only to the presence of specific types of water-holding containers but also to the presence of a large number of residents in the premises. This indicates that targeting premises with ≥ 6 residents in addition to the specific container types from which most pupae were recovered in this study could effectively reduce the risk of dengue transmission. A follow-up survey for another year and/or the survey of more households are preferable to reach a more convincing conclusion; however, we could not conduct such a study because of resource constraints. Further studies are required to confirm our findings.
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